Abstract. The early detection and localization of damages is essential for operation, maintenance and cost of the structures. Because the frequency of vibration cannot be controlled in real-life structures, the methods for damage detection should work for wide range of frequencies. In the current work, the equation of motion of rotating beam is derived and presented and the damage is modelled by reduced thickness. Vibration based methods which use Poincaré maps are implemented for damage localization. It is shown that for clamped-free boundary conditions these methods are not always reliable and their success depends on the excitation frequency. The shapes of vibration of damaged and undamaged beams are shown and it is concluded that appropriate selection criteria should be defined for successful detection and localization of damages.
Introduction
Modelling of the dynamic behavior of rotating beams is very important for many engineering applications like wind power generators, helicopter blades, etc. The early detection and localization of damages of these structures is essential for their operation and maintenance. Vibration based methods for damage detection are among the most popular methods for health monitoring of structures. The easiest ones are based on the modal properties of the structures. The lowest natural frequencies, however, are not very sensitive to small damages and they are not indicative to predict the presence of damage and even less its location. The modes of vibrations are more sensitive to damages. The difficulty for their use comes from the fact that many sensors have to be used. This difficult is overcame by using the scanning laser Doppler vibrometer (SLDV) techniques. Even by using SLDV the modal based features could be difficult to extract when the objects of monitoring are large and/or complex structures and when some parts of these structures are either inaccessible or very difficult for taking measurements. In the last decades the vibration based methods for damage detection are not limited to monitoring the changes in modal properties of the structures but are extended to analysis of the response of the structures in the time domain. The researches using such methods try to extract some features from the signals in the forced response of structures. These methods are more appropriate for in-operation structural health monitoring (SHM) of structures subjected to dynamic loading and they poses a generality. A review of the time domain method for SHM with accent on the ones using the nonlinear response of the structure could be found in [1] . A big and very promising group of methods, which use measured time series are the one, used the statistical approaches [1] [2] [3] . One of the time-series methods is the method based on the Poincaré maps of the forced response of the structures [3, 4] . It was tested and verified experimentally for composite beams with delamination in [5] . This approach was not tested, however, for the important from the practical point of view case for rotating beam. In the present work the Poincaré map based method for damage assessment was tested for rotating beams and conclusions about its applicability and further development was drawn. 
Mathematical model
The material of the beam is assumed to be homogeneous and isotropic. The following constitutive relations are used:
where and are bending and shear stresses, is the Young's modulus of the material, is the shear modulus and is shear correction factor.
The rotation of the beam is included in the equation of motion through the inertia forces. For that purpose, two coordinate systems are considered: one fixed, denoted by 0 , and another one rotating about the fixed coordinate system denoted by 1 . The displacement fields (1) are written in the rotating coordinate system 1 , which is assumed to rotate with constant speed ϑ̇ (rad/s). The absolute acceleration of an arbitrary point P(x,y,z) from the beam is expressed with respect to the fixed coordinate system 0 [6]:
where P S 0 represents the absolute acceleration of point P, P S 1 represents the relative acceleration of point P, represents the angular velocity vector of the rotating coordinate system, and represents the position vector of point P with respect to the origin of 1 . The equation of motion is derived by the principle of virtual work:
where represents the virtual work of internal forces, represents the virtual work of inertia forces, represents the virtual work of external forces.
The resulting partial differential equations are discretized by the finite element method. Quadratic elements with three nodes are used for the discretization. The following system of nonlinear ordinary differential equations is obtained: 
Damage detection formulas
The Poincaré map based method introduced in [3, 4] is based on the differences which arise in the phase space of the responses of the healthy and damaged structures. The Poincaré maps preserves many properties of periodic and quasiperiodic orbits of the system and has a lower-dimensional state space then the time-history series. The method requires calculation of a damage index constructed in the following way:
where
In Eqs. x has a maximum and it is strong concave in the vicinity of the maximum it means that the damage is located close to the nodes where is located the maximum. Thus for the structure with damage the nodes close to the maximal value of the function will represent the damaged area. In [7] , by using the analogy of the Poincaré map based method with the modal displacement method and the fact that the modal curvature method gives better results then the modal displacement method, the damage index (eq. (7)) was improved .
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The following damage index based again on the Poincaré maps was suggested there:
 This expression, of course, is far more complicated than the modal curvature damage index but the second derivatives of functions of the displacements and the velocity of the response are included in it. If one wants to enlarge the differences in the second derivatives of these functions the following formula can be used: The results for damage indexes of a beam with clamped-clamed boundary conditions calculated according to formulas (7) and (9) are presented in Fig. 1  and 2 , respectively. DI2 has similar behavior as DI3. It can be seen that the location of the damage is successfully detected.
Numerical experiments

Fig. 1. Damage index I
d applied to beam with clampedclamped boundary conditions. The red segment presents damaged zone. There are several possibilities for implementation of the selection criteria. For example, the selection criteria could be applied to the nodes which have higher amplitude in the curvature of the damaged beam. This criterion gives very good results in the numerical experiments, shown in Fig. 9 . Further numerical experiments and improvements of the selection criteria will be developed in the future work of the authors 
Conclusions
The equation of motion for rotating beams that vibrate in one plane was derived and presented. Numerical experiments for localization of damages were performed by using vibration based methods and Poincaré maps. The influence of the speed of rotation on the shapes of vibration was outlined. It was shown that in the case of clamped-free boundary conditions, the methods not always localize correctly the damage. Additional methods which used appropriate selection of nodes were developed and it is shown that they perform much better. The future work will continue with the development and improvement of criteria for selection of the nodes and analysis of clamped-free beams with damages. 14008 (2018) https://doi.org/10.1051/matecconf/201814814008 ICoEV 2017
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